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Abstract
The primary source of pharmaceuticals to the aquatic environment is the discharge of wastewater effluents. Pharmaceuticals are a
large and diverse group of compounds. Among them, psychotropic substances are particularly interesting to study due to their
specific known mode of action. The present study was performed to investigate the effects of wastewater effluents from a
psychiatric hospital wastewater treatment plant (WWTP) on several aquatic organisms. All the analyzed pharmaceuticals (10
compounds) were detected inWWTP effluents as well as in the receiving river. Although the environmental concentrations were
generally at trace levels (ng L−1 to μg L−1), induce toxic effects were observed. This study showed the effects of the WWTP
effluents on the oogenesis and/or embryogenesis of amphipod crustacean Gammarus fossarum, Japanese fish medaka Oryzias
latipes, mollusk Radix peregra, and planarian Schmidtea polychroa. A decrease of the number of oocytes and produced embryos
was observed for G. fossarum and S. polychroa. Similarly, the hatching rate of R. peregra was affected by effluents. In the
receiving river, the macroinvertebrate community was affected by the wastewater effluents discharge.

Keywords Wastewater effluents . Psychotropics . Aquatic macroinvertebrates . Reproductive effects . Planarian . Freshwater
snail . Freshwater amphipod . Japanesemedaka fish

Introduction

Pharmaceutical products (PPs) are a major group of chemical
compounds being continuously released into the environment.
Wastewater treatment plants (WWTPs) represent the main
source of pharmaceuticals found in aquatic environments.
On the one hand, this is owing to the strong occurrence of
drugs in WWTP influents due to high drug consumption in
human populations of industrialized countries, followed by an
excretion of parent molecules or metabolites in urine and feces
of consumers (Halling-Sorensen et al. 1998). The occurrence

of PPs in urban wastewater has been widely documented
(Pasquini et al. 2014; Togola and Budzinski 2007; Bartelt-
Hunt et al. 2009, Zorita et al. 2009; Calisto and Esteves
2009; Santos et al. 2010; Sousa et al. 2011) as well as the
importance of hospital effluent contribution to the presence
in urban wastewater of several pharmaceutical classes
(Kummerer 2009; Thomas and Langford 2007). On the other
hand, WWTPs are not designed to specifically remove drug
complex molecules leading to an incomplete or limited deg-
radation of these compounds (Orias and Perrodin 2014). Thus,
levels of removal depend on treatment processes, operational
conditions, and substance properties and vary from on plant to
another (Muter et al. 2017; Aubertheau et al. 2017; Bartelt-
Hunt et al. 2009; Vieno et al. 2007). Moreover, concentration
of drugs in WWTP effluents is not a criterium to evaluate
sewage treatment plant efficiency. It is currently based on
nitrogen, phosphorus, some pesticides and metal levels, bio-
chemical oxygen demand, and total suspended solid
(Directive 2000/60/EC) despite the presence of some pharma-
ceutical products on theWater Framework Directive watch list
(diclofenac, 17 alpha-ethinylestradiol (EE2), and 17 beta-
estradiol (E2). Chemical analyses of WWTP effluents de-
scribed the occurrence of drugs at concentrations ranging from
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< 1 ng L−1 to few microgram per liter (Verlicchi and Zambello
2016; Yang et al. 2017). These relatively high levels of active
and putatively toxic compounds discharged in surface waters
could represent a major threat for aquatic ecosystems. Many
studies have demonstrated the toxicity of wastewater effluents
(Galus et al. 2013; Mendonça et al. 2009; Hernando et al.
2005; Manusadzianas et al. 2003) though just a few have
focused on hospital wastewater treatment plants (Orias and
Perrodin 2014) and a very limited number of studies have
explored the impact of wastewater effluents in situ on fresh-
water macroinvertebrate communities (Muñoz et al. 2009;
Ginebreda et al. 2010). The aim of this study is to evaluate
effects of effluents released by a psychiatric hospital on aquat-
ic organisms by two methods: in situ in the receiving river
(macroinvertebrates) and in controlled condition (i.e., bioas-
says) context.

Materials and methods

Study site

The study site is a regionally psychiatric hospital with 250
used beds and 120 places in ambulatory services (Dordogne,
France). This center is used for children, adult, and geriatric
psychiatry and addictive disorders. In 2010, approximately
25 kg of psychotropic drugs was consumed in this hospital
(information given by the hospital). This hospital has a waste-
water treatment plant (WWTP), which treats about 600 m3 of
wastewater/day. This WWTP is constituted by a primary de-
canter, a bacterial filter, and a secondary decanter and does not
operate continuously. When the volume in the lifting area
reaches its maximum capacity, waters fall over by pour in
the primary decanter (about 10 discharges of effluent per
24 h). This ensures mixing of wastewater effluents over
24 h. The effluents are released into the Isle river. This river
is 255 km long and covers a catchment area of about
7500 km2. The flow of this river is characterized by a high
variability controlled by seasonal rainfall (average flow
120 m3/s in winter and 16 m3/s in summer).

Wastewater samples

As a first step, chemical analysis has been performed to deter-
mine pollutants in WWTP effluent (24-h composite sample).
Second, a first sampling campaign has been done to link
chemistry and ecotoxicology (2011). Finally, a last sampling
campaign has been carried out to assess the ecotoxicological
effects of the effluents.

For the chemical characterization of effluents, five samples
were collected between 23th May 2011 and 10th October
2011, whose characteristics are listed in Table 1. During the
sampling period, the WWTP was confirmed to be under

normal operations. The chemical characterization of these
composite samples (pool of 6 discharges of effluent with equal
volume of each discharge) was compared to one flow-
proportional (24 h) composite sample collected using auto-
matic samplers. Classical water analyses were also conducted
on 10 February 2011 by the Departmental Analysis and
Research Laboratory (approved by the Ministry of
Agriculture) in the Isle at the effluent discharge point (Table
2).

For ecotoxicity tests, samples were collected within the
same timeframe as mentioned above for the chemical charac-
terization (from May to October 2011) for the first sampling
program and betweenMay 2012 and June 2012 for the second
sampling program. Samples were refrigerated and used imme-
diately for tests using freshwater amphipods and medaka or
kept frozen (− 20 °C) for the other bioassays.

Chemical analyses

Metals, organic substances, and microbiological parameters in
the Isle samples were investigated by the BLaboratoire
Départemental d’Analyse et de Recherche de Dordogne,^ ap-
proved by the Ministry of Agriculture (Table 1) in accordance
with current standards. The physico-chemical characterization
of effluents (2011 and 2012) was realized by IRSTEA (Table
2) in accordance with French standard operating procedures
(AFNOR) as indicated in Table 2. For the analysis of pharma-
ceuticals, the extraction procedure has been already validated
and detailed (Togola and Budzinski 2007, 2008, Dévier et al.
2013, Bonnafe et al. 2015). Pharmaceutical analysis was per-
formed by ultra-performance liquid chromatography (UPLC)
ACQUITY coupled to waters Quattro Premier XE triple quad-
rupole (Waters, Saint Quentin-en-Yvelines, France) mass
spectrometer fitted with an electrospray ionization (ESI)
source operated in both positive and negative ion mode.
Regarding the nature of the hospital (psychiatric hospital)
and top drug consumption rate, ten molecules were targeted:
carbamazepine, diazepam, oxazepam, norfluoxetine, fluoxe-
tine, sertraline, lorazepam, cyamemazine, citalopram, and hy-
droxyzine (Table 3).

Bioassays

For all bioassays, two campaigns were carried out to assess the
toxicity of effluent samples collected in 2011 and 2012. The
results presented here are an average of the two campaigns.

Freshwater snail model

Sampling and handling of organisms Freshwater pulmonate
snails Radix peregra were collected from the Caussel River
(Tarn, France) in slow waters. The snails were maintained in
covered 40-L aquariums during 1 month at 20 ± 1 °C with a
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10/14-h light/dark photoperiod and in reconstituted water
(OECD 2004). Organisms were fed ad libitum with green
lettuce leaves (BBio^ without pesticide) every 3 days.

Assessment of toxic effects on snail embryos Embryos in co-
coon were used to investigate the embryotoxicity of the hos-
pital wastewater effluents. The eggs were deposited in egg
masses and each containing about 150–250 eggs per capsule.
The extremities of the laying were removed. Egg mass was
gently dislodged and each egg was separated with the cup tip
of a 200-μL pipette. All the embryos selected were at the same
stage and in good developmental conditions. The unfertilized
eggs or immobilized embryos were removed. Twenty eggs for
each condition were placed in 96-well plates with one egg/
well in a total volume of 300 μL at 22 ± 1 °C with the same
photoperiod as employed for culturing until hatching.
Organisms are kept in the same waters until they hatch. At
the end of the test, the delay of development, the hatching rate,
and number of malformed and dead embryos were recorded
using an inverted microscope. The experiment was performed

in triplicate with two samples of wastewater effluent
(September 2011 and May 2012).

Freshwater planarian model

Sampling and handling of organisms The sexual diploid
Schmidtea polychroa freshwater planarian population used
in this study was collected from the Caussel River (Tarn,
France). The organisms were kept during a 15-day acclimati-
zation period under constant aeration with a temperature of
18 °C (± 1 °C) and a 10/14-h light/dark photoperiod.
Organisms were maintained in 10-L tanks with dechlorinated
water and fed with living ancylidae mollusks once every
2 days.

Assessment of reproductive effects on planarian The repro-
duction performance was evaluated with 40 randomly selected
adult planarians. They were exposed to wastewater effluent
for 5 weeks at a temperature of 21 ± 1 °C and under a 12/12-h
light/dark photoperiod (to stimulate breeding behavior) in a

Table 1 Microbiological
parameters, metals, and organic
substances in Isle samples

Standard Unit Results

Microbiological parameters

Coliforms NF EN ISO 9308 UFC/100 mL 30

Escherichia coli NF EN ISO 9308 UFC/100 mL < 10

Enterococci NF EN ISO 7899 UFC/100 mL 11

Salmonella ISO 19250 UFC/5 L No

Anilins Internal standard μg/L < 0.06

Chlorobenzene NF EN ISO 6468 μg/L < 0.06

Volatile organohalogen compounds NF EN ISO 10301 μg/L < 1

Hydrocarbons NF EN ISO 9377 μg/L < 100

Polycyclic aromatic hydrocarbons Internal standard μg/L < 0.01

Trace elements and micropollutants

Aluminum NF EN ISO 11885 μg/L 3260

Arsenic NF EN ISO 17294 mg/L 3.3

Cadmium, chrome, nickel, plomb, selenium,
mercury

NF EN ISO 17294, NF
EN ISO 17852

μg/L < 0.5

Bore, fluorures, zinc, copper NF EN ISO 11885, NF
EN 10304

mg/L < 0.05

BOD (biological oxygen demand) NF EN 1899 mg/L < 3

COD (chemical oxygen demand) NF T90-101 mg/L < 30

Suspended matter NF EN 872 mg/L 16

Nitrogen parameters

Ammonium NF T 90-015 mg/L < 0.01

Nitrates NF EN 10304 mg/L 11

Nitrites NF EN 25663 mg/L 0.03

Total phosphore NF EN ISO 11885 mg/L < 0.05

Pesticides (amides, aryloxyacides, carbamates,
organochlorine, organophosphorous, triazoles, and
others)

Internal standard + NF EN
ISO 6468, NF EN
12918

μg/L < 0.03

Disinfection by-products (chloroform,
chlorodibromomethane)

NF EN ISO 10301 μg/L < 0.5
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500-mL glass beaker while controls were maintained in the
same conditions in dechlorinated water. Water and wastewater
were renewed biweekly and planarians were fed at the same
time. Cocoons produced by sexual reproduction were counted
biweekly and transferred to separated beaker. Fecundity was
evaluated as the number of cocoons produced by planarian.
The experiment was performed in triplicate with two samples
of wastewater effluent (September 2011 and May 2012).

Freshwater amphipod model

Sampling and handling of organisms Crustaceans
(Gammarus fossarum) were collected at La Tour du Pin, a
known unpolluted upstream part of the Bourbre River (Isère,
France). Sexually mature gammarids were used. The organ-
isms were kept during a 15-day acclimatization period under
constant aeration and with a temperature of 12 °C (± 1 °C). A
10/14-h light/dark photoperiod was maintained. Organisms
were fed with alder leaves. The protocol was described by
Besse et al. (2013).

Assessment of reprotoxic effects on amphipod females
Reproductive toxicity tests were performed using the method
described by Geffard et al. (2010). Twenty-one females were
exposed to wastewater effluent (at concentrations of 100, 33,
11, and 0% of effluent) for 21 days at a temperature of 12 ±
1 °C and under a 16/8-h light/dark photoperiod (to stimulate

breeding behavior) in a 500-mL glass beaker. Water and
wastewater were renewed twice a day. At the end of exposure,
the number of oocytes per female was determined by in vivo
observation of the two ovaries under the binocular micro-
scope. To assess the number of embryos per female, embryos
were manually recovered from the marsupium and counted
under a binocular microscope. Abnormal embryos were de-
fined as embryos with aberrations and malformations as de-
scribed by Lawrence and Poulter (2001). The last analyzed
parameter was the duration of molt stages. The molt stages
of Gammarus fossarum females were defined using criteria
described by Charniaux-Cotton and Payen (1985) in the ma-
rine amphipod Orchestia gammarellus and by Geffard et al.
(2010).

Fish model: assessment of toxic effects on Japanese medaka
embryos

Japanesemedaka embryos (CAB line) at 24 h post fertilization
(hpf) were supplied by UMS Amagen (Gif-sur-Yvette). On
arrival, embryos were carefully examined under a stereomi-
croscope (Leica MZ75, Leica Microsystems) to remove un-
fertilized, dead, or non-synchronized embryos. After sorting,
25 embryos were randomly distributed in plastic Petri dishes
and then incubated with 0.2 μm filtered wastewater or river
water at two different concentrations 100 or 30%. Dilutions
were performed with spring water (Cristalline). Water was

Table 2 Physico-chemical
characterization of effluent Parameters (standard) Unit Sample date

19/09/
2011

22/09/
2011

26/09/
2011

15/05/
2012

21/05/
2012

25/05/
2012

pH (NF-T90-008) 7.8 7.6 7.7 7.4 7.6 7.7

Temperature (NF-T90-008) °C 18.9 10.9 16.5 15.5 15.62 22.5

Conductivity (NF EN 27888) μS 580 655 640 600 440 590

TSS (total suspended solids)
(NF EN 872)

mg/L – 9.6 8.5 2.9 4.6 6.1

COD (NF T 906101) mg/L 43 45 44 – – –

NKJ (NF EN 25 663) mg/L 5.5 5.8 8.3 8.7 3.3 6.3

NH4
+ (NF T 90-015-2) mg/L 6.45 6.7 7.25 10.2 3.3 5.25

NO2
− (NF EN 26777) mg/L 1.15 1.9 0.93 0.12 0.8 1.9

NO3
− (NF EN ISO 10 304) mg/L 36 23 41 < 1 22 4

P total (NF EN ISO 6878) mg/L 4.1 4.45 4.6 2.85 2.55 2.95

PO4
3− (NF EN ISO 6878) mg/L 8.3 12.3 12.1 7.3 7.65 8.15

HCO3− (NF EN ISO 9963) mg/L 210 245 220 263 160 265

CL− (NF EN ISO 10 304) mg/L 44 54 54 46 33 45

SO4
2− (NF EN ISO 10 304) mg/L 13 14 14 15 11 13

SiO2 (NF T 90-007) mg/L 25 9.7 10.5 8.7 7.3 10.5

Ca2+ (NF EN ISO 14911) mg/L 50 51 55 56 49 59

Mg2+ (NF EN ISO 14911) mg/L 5.7 5.8 6.4 5 4.1 4.9

Na+ (NF EN ISO 14911) mg/L 44 61.5 49.5 42.5 23.5 45.5
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renewed every day, just after dissolved oxygen measurement
(PA2000, Unisense, Aarhus, DK). Exposure was carried out in
a climate chamber (Economic Delux, Snijders Scientific,
Tilburg, NL) at 26 ± 0.3 °C, under a 5000-lx white light and
a 12/12-h light/dark photoperiod until total resorption of yolk
sac (13–14 days). Three independent replicates were per-
formed for each condition.

Viability was checked daily under the stereomicroscope at
embryonic and larval stages during the whole experiment.
Dead embryos or larvae were counted and removed.

Cardiac activity was assessed at day 7 (pf) as described
previously by Barjhoux et al. (2012). Five randomly selected
embryos per replicate were used. Heart beats were counted in
three 20-s intervals per individual using a Leica MZ75 stereo-
microscope and a cold light source. These three measurements
were then added to obtain cardiac activity in beats per minute.

At hatching, a whole-body picture of 15 larvae per replicate
was taken and total body length was determined through im-
age analysis system (Leica Application Suite v2.8.1).

Development abnormalities were observed on 15 newly
hatched larvae per replicate. Six different categories of

abnormalities were recorded including pericardial, yolk sac,
and cranial oedemata; spinal deformities (scoliosis, lordosis,
and tail malformations); craniofacial deformities; eye anoma-
lies; cardiovascular anomalies; and yolk sac anomalies as pre-
viously described (Barjhoux et al. 2012).

Macroinvertebrate analysis

To assess potential environmental effects of wastewater efflu-
ent on aquatic environment, we need sensitive bioindicators.
Macroinvertebrates are known to be good bioindicators of
aquatic ecosystem health.

Four sampling sites from the Isle river were selected near
the psychiatric hospital. The first site (1) was the discharge
point of the wastewater effluent. This point was at approxi-
mately 10 m from the bank at a depth of 1.6 m. To sample as
precisely as possible at its close vicinity, fluorescein was
added to the wastewater. The second site (2) was located up-
stream, 50 m far from the discharge point. Sites 3 and 4 were
located respectively at 40 and 90 m downstream of the dis-
charge (Fig. 1). All these sites were selected with comparable
water depths (between 1 and 1.7 m), stream velocity (less than
5 cm/s), and substrate dominance (silt and leaf litter) to limit
sampling bias due to habitat heterogeneity.

For all sites, benthic macroinvertebrates were collected
during each season, using a polyvinyl sand corer (internal
diameter 45 mm). Due to the water depth (over 1 m deep),
the sand corer was not directly used on the sampling point.
Therefore, the sediment was firstly collected from a boat with
an Ekman bottom grab sampler; this sample was later used
with the sand corer. On each site, five sand corer samples were
performed on the first 10 or 15 cm of the top sediment layer,
where 90% of the benthic fauna is present (Sherfy et al. 2000;
Kajak and Dusoge 1971). Thus, a total of 80 samples were
collected during the entire study period. Samplings were per-
formed during the four seasons (May 2011, September 2011,
November 2011, and February 2012).

Macroinvertebrates were fixed with 4% formaldehyde,
sorted, counted, and identified at the laboratory under a ste-
reoscopic microscope. Identification was at species level for
oligochaetes and at the genus or family level for other remain-
ing present groups (mollusks, crustaceans, insects, etc.).

Macroinvertebrate communities can be affected by a mul-
titude of natural or anthropic factors and to assess the effects of
a specific stressor can be a hard task. This problem can be
solved using biological and physiological traits (Statzner and
Beche 2010). Indicators such as BSPEcies At Risk^ (SPEAR),
based on this concept, have been developed for the retrospec-
tive ecological risk assessment (Liess and Von Der Ohe 2005)
and most specifically BSPEARorganic Indicator^ is able to
detect community disturbance by organic toxicants, from
mountain streams to lowland rivers (Beketov and Liess
2008). The higher the value of SPEARorganic, the higher

Table 3 Pharmaceutical concentrations inMontpon psychiatric hospital
wastewater and in samples collected from Isle river (site 1)

Molecule Wastewater
treatment plant
effluent (composite
sample, pool of 6
discharges)
(ng L−1)

Wastewater
treatment plant
effluent (flow-
proportional (24 h)
composite samples)
(ng L−1)

River
(discharge
point)
(ng L−1)

Carbamazepine 2013.2 2213.5 165.3

Diazepam 129.3 101.0 4.8

Oxazepam 7043.6 7434.2 816

Norfluoxetine 2.9 B.D.L B.D.L.

Sertraline 14.6 10.0 0.7

Fluoxetine 16.0 33.9 B.D.L.

Lorazepam 430.8 384.4 B.D.L.

Cyamemazine 322.9 140.7 10.4

Citalopram 150.7 56.0 7.3

Hydroxyzine 21.1 18.2 0.4

Atenolol 63.1 ND 1.2

Bisoprolol 104.1 ND 2.5

Propanolol 63.1 ND 1.2

sotalol 348.2 ND 28.0

Acebutolol 112.2 ND 3.3

Cetirizine 1283.4 ND 24.5

Caffeine 4894.9 ND 913.0

Theophilline 1334.8 ND 188.1

Meprobamate 207.5 ND 12.6

Lozartan 38.5 ND 1.8

Paracetamol 37,547.9 ND 9797.4

B.D.L., below detection limit; ND, not determined
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the proportion of taxa that are sensitive to continuously pres-
ent organic toxicants.

SPEAR index was calculated using the SPEAR calculator
(available online at https://www.ufz.de/index.php?en=
38122).

Statistical analysis

Data were given as mean ± standard deviation. Statistical
analyses were performed with R software program version
2.14 on untransformed data (www.r-project.org). The
equality of variances and normality were tested (using
Bartlett test and Shapiro-Wilk normality test respectively).
To compare means effects, one-way analysis of variance
(ANOVA), followed by Tukey’s test for multiple compari-
sons, was used. Whenever the normality was not respected,
the non-parametric Mann-Whitney test was performed. The
level of significance was set at 0.05.

Results

Chemical analyses

The results of the analysis of the wastewater effluent and sur-
face water samples are shown in Tables 1, 2, and 3. All the
parameters of treated effluent were within the discharge limits.
All the parameters analyzed in Isle rwere below the quality
limits.

The analgesic paracetamol presented the highest concen-
trations detected among all pharmaceuticals in effluents and
Isle river (9800 ng L−1 in river to 38,000 ng L−1 in effluent).
Caffeine was also detected at high concentrations in effluent
and discharge water (4900 and 900 ng L−1 respectively). All
ten psychiatric pharmaceuticals were detected in the hospital
effluent. High concentrations of oxazepam (7239 ng L−1) and

carbamazepine (2114 ng L−1) were detected. Citalopram
(104 ng L−1), diazepam (115 ng L−1), cyamemazine
(232 ng L−1), and lorazepam (408 ng L−1) were mainly found
at concentrations above 100 ng L−1. Far lower concentrations
were observed for fluoxetine (25 ng L−1), hydroxyzine
(20 ng L−1), sertraline (12 ng L−1), and norfluoxetine
(3 ng L−1). In the Isle river at the discharge point of effluent,
oxazepam and carbamazepine were detected at the highest
levels with concentrations of 816 and 165 ng L−1 respectively.
The concentrations of these two molecules were approximate-
ly ten times lower in this river than in the hospital effluent.
Lorazepam, fluoxetine, and norfluoxetine were not detected in
the river sample. Hydroxyzine, sertraline, diazepam,
citalopram, and cyamemazine were found at concentrations
below 10 ng L−1.

Bioassays

Hatching rate of Radix balthica

Hatching time ranged from the 10th–12th day of exposure.
The Isle river sample (at the psychiatric hospital effluent dis-
charge) did not cause significant impact on hatching success
as compared to the control group (Fig. 2). While the effluent-
treated group showed a significant decrease of cumulative
hatching after 12 days.

Reproductive performance evaluation of Schmidtea
polychroa

Cumulative numbers of cocoons produced by individual flat-
worm from each treatment group are shown in Fig. 3.
Mortality was not significantly different between controls
and tested conditions (results not shown). No effect on the
number of egg capsules produced per Schmidtea polychroa
was obtained with Isle river water. In contrast, effluent

N

Site1

Site2

Site3

Site4

Fig. 1 Isle river: map of the
sampling site. Site 1: discharge
point of the wastewater effluent.
Site 2: upstream of the site 1. Site
3 and site 4: downstream of the
discharge
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dramatically impaired the reproduction of this species, with
cocoon production close to zero.

Reproductive performance evaluation of Gammarus
fossarum

No significant mortality was observed in amphipods exposed
3 weeks to 11 and 33% of effluent, with values higher to 80%
and similar to the ones observed in controls. At the concen-
tration of 100% effluent, mortality increased significantly with
value reaches 33%.

The fecundity rates observed are presented in Fig. 4. No
effect was observed in females exposed to 11 or 33% of efflu-
ent. Decrease observed at the concentration of 100% is not
significant. Results for the fertility are presented in Fig. 5.
With the lower concentration of effluent (11%), the number
of embryos per female was not significantly different from the

controls. In contrast, at 33 and 100% effluent concentrations,
the production of embryos per female decreased significantly
to reach 0% at the highest concentration. In the same way,
percentages of abnormal embryos (Fig. 6) significantly in-
creased through tested concentrations, reaching more than
40% at the concentration of 33%.

Effects on embryos of Japanese medaka Oryzias latipes

No significant increases of embryonic and larval mortalities
were observed for medaka exposed either to effluent or to Isle
river (at the psychiatric hospital effluent discharge) samples
compared to controls with embryo or larval viability values
higher than 94% (Table 4).

No significant modification of cardiac rhythm was ob-
served in response to both treatments (river or effluent). In
the same way, the exposure to effluent or river water samples

Fig. 2 Effects of psychiatric
effluent and Isle river samples on
percent of snail hatching from egg
capsule. Mean ± SD for six
replicates. *Significant difference
(Mann-Whitney, p < 0.05) from
the control of the experiment

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

controls effluent (11%) effluent (33%) effluent (100%)

elle
mefrepsetycooforeb

mun

Fig. 4 Produced oocyte number per Gammarus fossarum female
exposed to three effluent concentrations (11, 33, and 100%). Mean ±
SD for three replicate. *Significant difference (ANOVA, p < 0.05) from
the control of the experiment
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Fig. 3 Reproductive performance (number of eggs) of the flatworm
Schmidtea polychroa exposed to Isle river samples or psychiatric
hospital effluents. Mean ± SD for three replicates. *Significant
difference (ANOVA, p < 0.05) from the control of the experiment
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did not cause significant increase of embryonic abnormalities
(Table 4).

The Isle river water and effluent samples did not induce
significant changes in hatching success when compared to the
control group although a decrease trend was observed for
effluent-treated larvae (Fig. 7). Neither river water nor effluent
exposure induced modifications in larvae body length (Table
4).

Effects of wastewater discharge
on the macroinvertebrate assemblages in the Isle
river

Considering all collected organisms, more than 90% of them
were Oligochaeta and Hexapoda Diptera. These communities
of benthic invertebrates composed of 66 different taxa are
characteristics of a perturbed fluvial system. Focusing on the
community composition in the spring period (where the
highest diversity was found; Fig. 8a), the taxonomic richness
decreased from site 2 to sites 1 and 3 (at the vicinity of the

discharge and 40 m downstream). This general pattern was
also observed during summer and winter (Fig.8a).

During the studied period, SPEARorganic index varied
from − 0.031 to − 0.277 (Fig.8b). The lowest values were
recorded for site 1 or 3 (i.e., sites close to the effluent dis-
charge point) during the four seasons. Then, macroinverte-
brates, present close to discharge point or directly downstream
the discharge, are less sensitive to organic pollutants than or-
ganisms located upstream or 90 m downstream of the dis-
charge. Moreover, this observation is particularly true during
autumn and winter where SPEAR index values were very low
(− 0.243 and − 0.277 respectively).

Discussion

In regard to regulation of WWTP effluents, based mainly on
ionic charge, pH, and organic matter contents, the results of
the present study (Table 2) do not show any problem, none of
the 18 studied parameters exceed regulatory standard,
throughout sampling dates. Acceptable values were observed
mainly for ammonium, nitrites, and nitrates that are known to
be primary problems for WWTP effluents, given their toxicity
toward aquatic organisms. Physico-chemical parameters ob-
served in this study were comparable to the ones reported in
other studies (Giannakis et al. 2015; Chonova et al. 2016;
Knopp et al. 2016; Diaz-Garduno et al. 2017).

The aim of the present study was to assess the contamina-
tion levels by pharmaceuticals compounds of an effluent from
a psychiatric hospital and then its toxicity for aquatic organ-
isms. At the discharge point of psychiatric hospital wastewater
effluent, all searched compounds were detected and quantified
with values ranging from nanogram per liter to microgram per
liter. The occurrence of pharmaceuticals in wastewater efflu-
ents from hospital at such high concentrations results mainly
from their low adsorption coefficients and their low degrad-
ability which favors their mobility through the wastewater
plant (Ohlenbusch et al. 2000). Highest concentrations were
obtained for the paracetamol with values ranged from 4.8 to
38 μg L−1, as previously observed by Kosma et al. (2010) and
Chonova et al. (2016) in wastewaters from hospitals (until
12 μg L−1). For the oxazepam, mean concentrations in efflu-
ent samples were seven to eight times higher than the values
measured in European WWTP effluents. In the present study,
the concentration reached 7 μg L−1 whereas concentrations in
the range from 0.25 to 1.1 μg L−1 were reported in the litera-
ture for Chinese or European hospital effluents (Calisto and
Esteves 2009; Orias and Perrodin 2013; Yuan et al. 2013). The
use of oxazepam at Montpon psychiatric hospital is very sig-
nificant (± 7000 kg an−1) and the WWTP is an older genera-
tion of plant. However, in the frame of their risk assessment
study of pharmaceutical compounds focusing on wastewater
of hospitals, Escher et al. (2011) predicted environmental
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concentrations (PEC) that can reach values of 7.24 μg L−1,
detection and more specifically for the oxazepam, a concen-
tration of 7 μg L−1.

The occurrence of carbamazepine at high concentrations
(2 μg L−1 in effluent) is in accordance with data from the
literature on wastewater effluents and surface waters (Calisto
and Esteves 2009; Orias and Perrodin 2013; Yuan et al. 2013;
Gonzalez Alonso et al. 2010). This result can be explained by
the low removal efficiency of this molecule by WWTP, in
relation to its specific molecular characteristics (Ternes et al.
2007). The contamination levels and the characteristics of the
hospital effluents are directly related to pharmaceutical com-
pounds used and the molecular specificity of them. The pre-
scription and the choice of the molecule may vary from one
institution to another and from one country to another, making
it difficult the proposal of a generalizable methodology for
their risk assessment (Yuan et al. 2013). For example,
cyamemazine is mainly used in French psychiatric hospitals
but much less used in other countries, leading lack of available
data to compare. In the present study, this compound was
quantified to concentrations up to 320 ng L−1. At last, caffeine,
which is not a pharmaceutical compound in the same way as
those previously discussed, is however found at very high
concentration reaching 5 μg L−1, as reported in earlier studies
(Muter et al. 2017), and this despite the fact this compound is
known to be highly degradable (Muter et al. 2017).

The concentrations of pharmaceuticals in the receiving riv-
er (Isle river, site 1) are consistent with literature data (Calisto
and Esteves 2009). They ranged from 0.4 to 900 ng L−1 for the
caffeine. Depending on the compounds, the dilution factors
varied from 4 for the paracetamol to 12 for the carbamazepine
(5 for caffeine, 8.5 for oxazepam). These values are consistent
with the fixed standard dilution factor of 10 used for ecolog-
ical risk assessment of many chemical regulations (ECHA
2016). Link et al. (2017) determined median dilution factor
of 5 to 14.5 in Germany.

Quality of receiving waters were investigated using three
species from different trophic levels, the planarian Schmidtea
polychroa, the mollusk Radix balthica, and the fish Oryzias
latipes. In all cases, no effect was observed on the develop-
ment and the reproduction of these species. On contrary, with
effluent, the effects observed were much more marked.
Psychiatric hospital effluents caused detectable effects on re-
productive performance (including viability and development
of offprints) of all test organisms. The raw effluent (100%) led
to a delay in hatching of the mollusk R. balthica and the fish
O. latipes, with a decrease of 20% for the two cases. Gust et al.
(2013) reported the occurrence of pharmaceuticals and estro-
genic compounds in municipal wastewater which alter the
immune status of the pond of Lymnaea stagnalis. Moreover,
Sanchez-Arguello et al. (2012) demonstrated the
embryotoxicity of fluoxetine in the freshwater snail Physa
acuta. In fish, the observed delay of hatching suggests that
embryos were exposed to contaminants despite the presence
of chorion which acts as a barrier to chemical penetration.
Pruvot et al. (2012) described teratogenic effects such as
hatching retardation and axial malformations in zebrafish after
pharmaceutical exposure such as valproic acid, carbamaze-
pine, pentobarbital, caffeine, and theophylline. These com-
pounds were found in Montpon hospital effluent. Canadian
wastewater effluent containing a pharmaceutical mixture com-
posed of carbamazepine, gemfibrozil, venlafaxine, and acet-
aminophen caused a significant reduction in the average cu-
mulative number of viable zebrafish embryos produced per
female, relative to the controls (Galus et al. 2013). These same
authors also reported developmental abnormalities in
zebrafish embryos exposed to pharmaceutical mixture or ef-
fluent. At last, in one of our previous studies, it was demon-
strated that a 72-h exposure to six different psychotropic

Table 4 Embryonic and larval viability, total body length, cardiac activity, and embryonic abnormalities of Japanese medaka embryos after effluent or
river water exposure (mean ± SD, N = 3)

Embryonic viability (%) Larval viability (%) Total body length (mm) Cardiac activity
(beats/min)

Larval abnormalities (%) Hatching time (dpf)

Controls 95.8 ± 0 98.6 ± 2.5 4.56 ± 0.03 101.1 ± 1.1 17.8 ± 7.7 10.2 ± 0.41

River 96 ± 4 100 ± 0 4.62 ± 0.03 108 ± 6.7 20 ± 6.7 10.8 ± 0.6

Effluent 98.6 ± 2.5 94 ± 3 4.65 ± 0.09 108.9 ± 4.2 24.4 ± 3.9 10.3 ± 0.58
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drugs, isolated or in mixture, at concentrations ranged from 10
to 1000 μg L−1 could affect the viability and swimming activ-
ity of medaka larvae (Chiffre et al. 2016). Although this study
focused solely on the occurrence of pharmaceuticals, WWTP
effluents did not contain only pharmaceutical compounds and
detergents can also be detected (Montes-Grajales et al. 2017)
and can participate in the toxicity of the effluent. In the same
way, Chen et al. (2008) also showed that caffeine, present at
high concentrations (5 μg L−1) in our studied effluent, caused
disturbances of early neurogenesis during early embryogene-
sis of zebrafish.

In the planarian and the gammarids, raw effluent exposure
had dramatic impact on their reproduction since the
production of cocoon and embryos was null respectively.
Schirling et al. (2005) observed abnormal structure of oocytes
in Gammarus pulex and Gammarus fossarum collected from
streams impacted by sewage treatment plant effluents. Henry
et al. (2004) showed that antidepressants (citalopram, fluoxe-
tine, sertraline found in hospital effluents) negatively affected
reproduction of the crustacean Cerodaphnia dubia and re-
duced the number of neonates per female. Fong and Ford
(2014) found that any chemicals in the environment and par-
ticularly the antidepressants canmodulate neurohormones (se-
rotonin and dopamine) involved in reproduction, growth, mat-
uration, and larval development of crustaceans. These phar-
maceuticals can disrupt the normal endocrine and biological
function in exposed organisms. Recently, Mazzitelli (2016)

and Mazzitelli et al. (2017) showed a decrease in the number
of cocoons by the flatworm following exposure to carbamaz-
epine, oxazepam, sertraline, and cyamemazine with concen-
trations ranged from 1 to 100 ng L−1. InGammarus fossarum,
dilution of the effluent was also tested in order to better un-
derstand the impact of effluent on aquatic systems. In the Isle
river, the dilution factor varies through the seasons, according
to flow rate (from 16 m3 s−1 in August to 120 m3 s−1 in
February). The ecological risk assessment of many chemical
regulations, e.g., for medicinal products for human use or for
biocidal products, employs a fixed standard dilution factor of
10 when evaluating chemical exposure of running waters via
the WWTP route (ECHA 2016). The present study showed
that the effluent concentration of 11% leads to deleterious
effects on the embryonic development of G. fossarum, a key
life history trait. The used of multiple bioassays highlighted a
possible impact on the populations of organisms through
reprotoxic or embryotoxic effects. Reproduction and develop-
ment impairment can affect population dynamics leading to
potential long-term consequences on the population success
and survival.

In the Isle river, macroinvertebrate communities were dom-
inated by pollution tolerant taxa such as Oligocheta and hexa-
pod Diptera. This observation is a generalizable for most of
the European lowland streams and rivers, running in populat-
ed areas. These running waters are affected by multiple
stressors, such as organic pollution and morphological
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changes (Nijboer et al. 2004) affecting natural communities.
Then, impact of hospital effluent on such ecosystems can be
minimized or less detectable than in controlled condition and
bioassays studies. Nevertheless, in this study, the total
abundance, taxonomic richness, and SPEAR index were
lower in sampled points where the effluent was strongly
present than in upstream or downstream of these points.
Ginebreda et al. (2010) also observed a correlation between
anthropogenic pressures and pharmaceutical discharge and
density or diversity of macroinvertebrates in Spanish rivers.
Thus, the discharge of hospital effluents could alter the mac-
roinvertebrate community structure. Most of the observed
changes in the composition of macroinvertebrate community
were due to the disappearance of some less tolerant taxa.
These changes in diversity and taxonomic composition may
alter the between-taxa interactions (Jarvis et al. 2014).
However, in this study, the macroinvertebrate community
was impacted only when close to the discharge points, i.e.,
sites 1 and 3, and this over the four seasons. Differences in
indices (SPEAR index and taxonomic diversity) calculated
during the four seasons can be due to sampling constraints.
Indeed, despite fluorescein being added into the effluent, it
was very difficult to sample at site 1 (in the close vicinity of
the discharge point) due to the water depth and boat instability.
In some cases, sampling occurred a few meters upstream the
effluent discharges explaining variability of the site 1 results.
Nevertheless, this tendency was also observed on site 3 locat-
ed 39 m downstream from the discharge point. Though this
study was only conducted on a single river, our results point
out that the effluent discharge can locally impact river com-
munities, while most likely not modifying the general ecolog-
ical status of the river.
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